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Connectors for Electronic Equipmemt Sectional Committee, LTD 16

NATIONAL FOREWORD This Indian Standard (Part l/Set 3) which is identical with IEC 169-1-3 : 1988 `Radio frequency connectors: Part 1 General requirements and measuring methods, Section 3 Electrical tests and measuring procedures - Screening effectiveness', issued by the International Electrotechnical Commission was adopted by the Bureau of Indian Standards on the recommendation of the Connectors for Electronic Equipment Sectional Committee (LTD 16) and approval of the Electronics and Telecommunication Division Council (LTDC). This Indian Standard was originally published in 1969. It was subsequently revised in 1980. The present revision has been taken up to adopt the present international practice in this field. Hence the latest IEC Pub 169-1-3 : 1988 has been adopted as Indian Standard under dual number procedure. The series of standards on Radio frequency connectors : Part 1 General requirements and measuring Methods comprise of following sections : Section 1 Section 2 Section 3 General Electrical tests and measuring procedures - Reflection factor Electrical tests and measuring procedures - Screening effectiveness

This Indian Standard shall be read in conjunction with IS 5054 (Part l/Set 1) : 1995 `Radio frequency connectors : Part 1 General requirements and measuring methods, Section 1 General'. This Indian Standard describes Electrical tests and measuring procedures of screening effectiveness in case of R.F. connectors as 14.8 of IS 5054 (Part l/Set 1). Screening effectiveness in the context of radio-frequency coaxial connectors is a longitudinal current flowing on the outer shell of the connector and should not cause an undue voltage in the coaxial circuit. CROSS REFERENCES In this Indian Standard, the following International Standard is referred to. Read in its place the following:
International Standard Corresponding Indinn Standard Dcgee of Equivalence

IEC 169-1: 1987 Radio frequency connectars : Part 1 General requirements and measuring methods

IS 5054 (Part l/Set 1) : 1995 Radio frequency connectors : Part 1 General requirements and measuring methods, Section 1 General

Identical
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hdian Standard

RADIOFREQUENCYCONNECTORS .

14.8

Screening effectiveness General considerations

14.8.1

Screening effectiveness in the context of radio-frequency coaxial transmission lines is the ability of the outer conductor to protect the transmission line from being disturbed by outside electromagnetic fields, and vice-versa. With respect to r.f. coaxial connectors a longitudinal current flowing on the outer shell should not cause an undue voltage in the coaxial circuit. The quotient of the transferred outside longitudinal current Zl:-;= electromotive force, or the equivalent impedance voltage Ut, by the

2;, is called the transfer

and is generally

an adequate quantity for defining the screening effectiveness of r.f. coaxial connectors. A connector assembly with properly mounted cables or lines has three major possible leakage areas: the region around the mating face, the coupling device and the two cable entries. Since in IEC Publication 169 only mating face and locking (coupling) mechanisms are standardized, the primary interest concerns the screening effectiveness of this part of the connector assembly. This does not, however, exclude that the measuring methods may also be used either for determining the transfer impedance at any individual spots of leakage if due care is taken to eliminate coupling contributions from the other leakages, or for total transfer impedance. In the latter case, and especially at high frequencies, the occurrence of directional effects has to be taken into account. It must be emphasized that the transfer impedance of r.f. connectors, and thus the screening effectiveness, has by no means a stable, fixed value applicable to each particular specimen or pair. In particular, Z, is mostly much dependent on mechanical and contact circumstances. For instance, the value may be considerably lowered by stronger tightening of the coupling' nut. Moreover, the exact value normally cannot be reproduced. A fresh connector pair in general shows a reduction of Z, with repeated disengagement and re-engagement, but the value may increase again after some dozens of cycles, perhaps due to wear and tear. Very little is also yet known on the behaviour during use and ageing of connectors.

For radio-frequency applications, the transfer impedance Z, shall be expressed as a function of frequency and, in general, be measured in the frequency domain. While at higher frequencies no other practicable measuring method is known, at frequencies up to a few hundred MHz time domain measurement with pulse technique may be used, with, if appropriate, subsequent transformation of the result into the frequency domain. In order to measure the screening effectiveness of the mating part of a connector pair, suitable cables are attached to the connectors in such a way as to exclude any leakage at the cable entries. For frequencies above 10 MHz, semi-rigid cables or soliQ tubular outer conductors are generally preferred. Below 10 MHz, cables with low leakage at low
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frequencies should be selected. The standardized test procedure in the frequency domain does not permit the inclusion of a flxing-flange style of connector as one-half of the connector pair to be tested, unless the flange is first removed. The time domain pulse method is described in Sub-clause 14.83. It may be particularly useful. in lower frequency bands up to a few hundred megahertz. If the appropriate test equipment (pulse generator combined with cathode ray oscilloscope) is readily available the test may be carried out very quickly, and, provided adequate precautions are being taken, with nearly the same sensitivity as in the frequency domain test. It has, further, the advantage that leakage spots may be identified in case of multiple leakages. Various test methods may be used for the measurement of the transfer impedance in the frequency domain and in the time domain pulse method. In case of dispute, however, the method standardized in the following Sub-clause 14.8.2, using a tri-coaxial test set-up (or a set-up where the outer exciting line is formed by waveguides) shall govern as reference test method.
Note. As a guiding rule the tri-coaxial set-up may be used up to approximately one-third of the upper frequency limit of the connector type to be tested, without the risk of disturbance by overmodes in the outer line. At higher frequencies the waveguide set-up should be applied, in which case the limit lies at about threequarters of the connector limit. Experience shows that at these high frequencies the transfer impedance no ,longer varies appreciably with frequency.

For type testing, measurements shall always be carried out at the first engagement on a number of pairs of fresh connectors. It is not recommended that a standard test connector should be c6upled to the specimen under test with the intention of attributing measured screening deficiencies to the specimen under test. The relevant specification shall state the number of pairs to be measured, torque for the coupling nut and, where relevant, the frequency range. 14.8.2
14.8.2.1 Measurement in the frequency domain

the tightening

Principle of the matched tri-coaxial tes'tset-up

The principle of the matched tri-coaxial explained as follows:

test set-up is shown in Figure 1, page 11, and

In this tri-coaxial set-up both the inner and the outer coaxial systems are matched at their far ends, that is terminated by the characteristic impedance of the line, in order to avoid, or at least to minimize, the formation of standing waves. The outer system is fed at port A through a lateral arm, containing a matching transformer, to a T-junction acting as a power divider. The multistep transformer serves to adapt the impedance `12202 at the T-junction to the impedance Z&l of the feeding line in the frequency range of 1 GHz to 10 GHz. The transformer becomes less effective' at lower frequencies. The resultant mismatch is, however, tolerable. Assuming the source impedance to be invariably equal to &l, calculation shows that the error introduced amounts to 0.5 dB only. This is small compared to the unavoidable measuring uncertainty and in particular the high dispersion of Z, values themselves. The advantage, on the other hand, is to have only one mechanical feeding arrangement with the convenience of the same formula for calculating Z, through the whole frequency range.*

* It could be argued that for the same reasons the multistep transformer might also be superfluous in the frequency range from 1 GHz to IO GHz. However, at such high frequencies good matching proves even more critical in avoiding losses.
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A B;C X TB, TC T M d

Power feed connection Measuring ports Connector pair under test Outer system terminating devices with impedance 202 Matched power dividing T-junction Ferrite rings Screened room

Tracking generator or synthesized signal generator Spectrum analyzer Low noise preamplifier Calibrated variable attenuators Power amplifier (if needed) Bus controller Additional screening copper braid

FIG. 1. -

Principle of the matched tri-coaxial test set-up (optimized range 1 GHz to 10 GHz).

condition

for the frequency

At the T-junction, reactance Figure 5, page 2 1, are necessary.

correcting

stubs, not shown in Figure

1 but depicted

in

The signal voltages U3 at the ports B and C of the inner line, caused by the injected voltage U,, are alternately measured both at B and C. Incidentally their equality is a criterion for the symmetry of the system and the absence of directional effects. For calibration of the set-up the input signal is fed with the aid of a separate branch of coaxial line, comprising a variable attenuator, to the port opposite to the measuring port (to C if U3 is measured at B). This implies the equality 203 = &I. The quantitative relationships below, make use of two approximations which, however, are fully justified, bearing in mind the practical accuracy needed: The transfer impedance Z, is very small and thus negligible in comparison to & and 203; further, the attenuation and losses in the coaxial lines and the multistep transformer are neglected. The transferred and C: voltage U, results in two voltages II3 of equal amplitude at the ports B

u3 =

$

U,. Since lJ, = zt*12, u3

= + 2, * 12

(1)
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The junction T acts as a lossless power divider and, since the multistep transformer considered to be ideal, it follows:

is

Because:

PI ~_,p2~-_.

u1*

022
202

-=-_

u2*

1 u,2
2zll

&

`202

considering

further that:

(2)

/

combining equations (1) and (2):
u3 =

202 might be chosen arbitrarily, the transformer being given the correct matching However, in general the adequate solution is to have ZQ~= 202 = Z&

ratio.

This results in:

The measuring instrumentation consists of a tracking generator or synthesized signal generator followed by a power amplifier (if needed) on the feeding side; on the receiver side an input variable attenuator, a low noise preamplifier and a spectrum analyzer. A quick procedure is possible with computer controlled automatic driving (step by step) of the generator and the spectrum analyzer. When calibrating the system, sharing of the total attenuation between two attenuators allows an optimum compromise with regard to random noise and residual stray coupling to be achieved. The port at C has of course to be correctly terminated and both ports at B and C in general need additional shielding with copper braid. At high screening effectiveness and for best performance it is recommended screened room (Faraday cage) as indicated in Figure 1, page 11. to use a

It is essential that the test set-up be checked for its limit capabilities by substituting the connector pair under test with a completely solid metal shell (for instance a copper tube) of the same outer dimensions as the connectors. 14.8.2.2
practical construction of the matched tri-coaxial set-up for the frequency to 10 GHz range from 1 kHz

For the practical construction of the test set-up, a few items need more detailed specitications than are given in Sub-clause 14.8.2.1 and in Figure 1. Figure 2, page 15, shows, besides other particularities of the tri-coaxial set-up, the,procedures for feeding the input power in the two frequency ranges: from 10 MHz to 10 CHz and from 1 kHz to 10 MHz. Above 10 MHz the feeding is quite normal and it is only necessary to take care of the feeding cable, which should have an approximate length of 1.5 m, in order to provide a suflicient impedance (mainly reactance) to the normally open "earth loop" (see Figure 1, page 11, at the input the earth is on the outer conductor, whereas at the measuring port the earth of the
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B

M: inductance

- 300 pH

Low frequency feed 1 kliz-10

phase reverse MHz

High frequency feed 10 MHz - 10 GHz (cable = 1.5 m)

A B c X TB, TC

Power feed connection Measuring port (forward screening effectiveness) Measuring port (backward screening effectiveness) Connector pair under test Outer system terminating devices (detail Figure 4, page 19)

Matched power dividing T-junction (detail Figure 3, page 17) M Ferrite rings m Foam dielectric beads p Solder junction between brass tubes and coaxial cable or line q Bulge for measurement of larger connectors

T

FIG. 2. -

Practical tri-coaxial lOMHzto-IOGHz.

test set-up for the two frequency

ranges: 1 kHz to 10 MHz and

screened room is connected with the middle tube at B). The inductance increased, if required, by ferrite rings, as shown in Figures 1 and 2.

of the loop may be

For frequencies below approximately 10 MHz down to 1 kHz, experience has shown that correct results are obtained by feeding with reversed polarity, as depicted in Figure 2. Ferrite rings may be necessary for decoupling, particularly towards the upper frequency region of the range. The multistep matching transformer requires lengthy calculations sions. The data for a practical design are given in Figure 3. to determine its dimen-

An important detail is the construction of the terminations TB and TC, which are to cover the whole frequency range from 1 kHz to 10 GHz, see also Figure 4, page 19. At frequencies up to about 1 GHz each termination consists of four parallel resistors of 200 s1 (assuming Zc2 = 50 a). At higher frequencies,. up to 10 GHz, the wave energy is dissipated in the tunnel-shaped expansions (horns) tilled with absorbing conical elements. In comparison with Figure 1, Figure 2 shows also additional brass tubes, p, 4 mm to 6 mm in diameter, surrounding the semi-rigid cables and soldered to them near their mounting to the connector pair under test. The outer conductor of the outer system has an inner'diameter of 14 mm. Thus, SMA, APC-3.5 and similar sized connectors can be measured without the necessity of increasing this
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Low loss dielectric screw

steps n 0

1lmml 1
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\

Power feed at A: 7 mm precision line end i5OW DO = diameter 7.0 mm

2 3 4 5 6 7 8 9 IO II 12 13 14 I5 16 17 18 19 22 n = 23

IO.00

FIG. 3. -

Multistep impedance transformer 1 GHz to 10 GHz.

for T-junction,

effective in the frequency range from

diameter in the region of the connector pair. The brass tubes surrounding the semi-rigid cables have about the same outer diameter as the SMA connector shell and maintain therefore the condition of constant characteristic impedance 2~2 = 50 Sk For the measurement of larger size connectors, APC-7 or N-types for example, the dimension of the outer coaxial tube has to be increased over approximately the length of the connector pair, forming a bulge q, as seen in Figure 2. The dimensions are not critical; reflection factors up to about 0.5 are acceptable (mismatch loss less than 1.2 dBj. An example of the mechanical construction for the set-up according to Figure 2, page 15, is depicted in Figure 5, page 21. As an important detail this-figure also shows the matching elements, e, at the feeding junction T. 14.8.2.3 The matched waveguide assemblyfor thefrequency
rangefrom 3 GHz to 18 GHz

For a further extension of the frequency range beyond the capabilities of the matched tricoaxial set-up, a relatively simple waveguide assembly has been produced which allows measurements up to about % of the connector's upper frequency limit. According to Figure 6, page 23, it consists of two waveguides running side by side with each other, having a common broadside wall. This wall has a longitudinal slot and a broader opening into which the connector mounted semi-rigid cables fit. pair with

The input signal is split by a 3 dB in-phase power divider and then launched in phase opposition into the two waveguide arms, these waveguides being terminated by a matched load at the opposite ends. If the assembly is symmetrical the field around the connector pair under test is quite similar to the TEM mode in a coaxial arrangement. The quasi TEM mode
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a= b-

Low loss dielectric foam cones, coated with one layer of an absorbing mixture of for example 17 g resin polymer (semi-flexible type) and 68 g,iron powder (brush painted). The inner conductor cone is mechanically screwed together to assure good contact pressure at the area d. The whole cone is longitudinally adjustable on the inner coaxial system to allow the overall reflection factor to be optimized from DC to the upper frequency limit of about IO GHz (this must be measured at the feeding point A (Figure 1, page 1I) through the whole assembly). Four low power r.f. resistors 200 R.

c=

FIG. 4. -

Low and high frequency combining feed through terminations DC to - 10 GHz.

TB, TC, frequency range

impedance

202 of the outer system at the connector

pair depends on the connector

and the

waveguide dimensions

203 and may vary from 3 to 3 * Z&3; but this affects the overall accuracy

even less than the wide dispersion of practically measured screening values, as occurring with repeated engaging and separation of the connectors under test. Assuming that the power divider and the launching devices do not cause losses, the total power P2 flowing along the connector pair is equal to the input power PI. Therefore, and assuming that 202 = & = Z&the relation for Z, is:

The entire measuring set-up is exactly the same as for the tri-coaxial information given there appiies as well.'

arrangement

and all

Comparison of results obtained in the overlapping frequency range of the tri-coaxial set-up and the waveguide assembly on a dummy with fixed and stable transfer impedance in place of a connector pair has proved agreement within 4 dB. Figure 7, page 25, is an exploded view of the waveguide assembly. The residual leakage and the mismatch of the set-up can be tested before cutting the openings in the two tin sheets c.

7

IS 5054 (Part l/See 3) : 1995 IEC Pub 169-13: 1988

Outer conductor of outer system with inner diameter of 14 mm Mounting flanges Dielectric fixing screw to assure contact pressure at T-junction T-junction adjusting matching stubs ; Axial fixing and centring solid low loss dielectric bead T-contact fork "h Inner conductor of multistep transformer, low impedance side m Several centring low loss foam dielectric beads Solid brass tube of outer diameter of 6 mm surrounding semi-rigid cable P Bulge in outer conductor for large connectors (size dependent) 4 Outer conductor of feeding multistep transformer with inner diameter of 7 mm ;B, TC Conical terminations with absorbing layer coated foam segments and four resistors (200 R each in parallel) X Connector pair under test

a b d

FIG. 5. -

Example of a mechanical construction

for the set-up according to Figure 2.

These apertures are cut with a knife such that there is a 1 mm spacing between the sheet edge d and the connector body X, thus enabling the longitudinal current to flow on the surfaces of the bodies of the connector pair. In the zone of the connector pair under test each waveguide of the assembly works more or less similarly to a ridge guide (see on right side of Figure 6, page 23), with the maximum of magnetic field and current on the surfaces of the connector pair. The dimensions of the trapezoidal openings in the,two metal plates b depend on the wave-' guide and connector sizes and are expressed as fractions of the connector, cable and wave-
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A B, t X E d g

I

U V

Measuring port Termination at opposite port Connector pair under test Electrical field in test area In-phase power divider Generator Matched waveguide load Coaxial to waveguide transition Semi-rigid coaxial cables with equal electrical lengths

203 Z& PI 9 P3

&3 = &, Impedance of inner system Quasi TEM impedance of outer system Input power Total power in outer system (both waveguides together) Power delivered to terminations of system 3 (inner system)

FIG. 6. -

Waveguide set-up.

guide dimensions, see Figure 8. The waveguide assembly has to be mechanically fixed by clamps and the connector pair and cable set-up must also be fastened to assure stable measuring conditions. The admissible range of the outer diameter of the connector mately (0,25 ... 0,9) - a. 14.8.2.4 pair under test is approxi-

Practical limits of measurable attenuation range and reproducibility

In practice the lowest value of Z, measurable by swept methods depends on the characteristics of the low noise preamplifier, the power amplifier and the spectrum analyzer. It may be expressed by the lowest ratio -s obtainable
p2

with adequate accuracy,

where P3 is the power flowing over all of equal
. 1s:

delivered at each termination of the inner coaxial system, and P2 the wave power the test connector pair in the outer system, the characteristic impedance being value &. According to the derivation given earlier the relation between Z, and -s
p2

The practical

limit, p3 expressed
p2

in decibels, in the whole frequency

range from 1 kHz to

to 12 GHz, obtainable zt-2@CL

with the usual equipment,

is about -155 dB. This corresponds

The measuring accuracy depends on the quality of the calibrated attenuator, the instrument stability and the (unwanted) reflections at several spots of the set-up. It is found to be about + 3 dB. This seems to be adequate when considering the much wider dispersion of attenuation
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a

b

b'

a'

FIG. 7. -

Exploded view of waveguide assembly.
t
f d X

and lower waveguides and lower diaphragm plates c, C' Upper and lower tin sheets of- 0.05 mm thickness Connector pair under test with mounted semi-rigjd B cables and terminating connectors

2;: Upper Upper

Completed assembly (upper waveguide removed), tin sheets not yet cut, ready for leakage and mismatch test View of diaphragm within assembly Edge of tin sheet Connector pair under test
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Detail X Detail

(Cable) (1.2-1.41 D

i)

Connector pair under test

a, b Inner sizes of waveguides

d

Outer diameter of cable

FIG. 8. -

Waveguide assembly dimensions.

values resulting from problems such as the mechanical handling of the connector pairs. For instance, doubling the coupling torque when engaging an N-type connector pair may easily lower &by 30 dB and more. 14.8.3 Measurement in the time domain Under consideration.
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